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5HFHQWO\ZLWKWKHGHYHORSPHQWRISUHVVXUHYHVVHOVWRWKHGLUHFWLRQRIODUJHVFDOHDQGOLJKWZHLJKWEXFNOLQJRIWHQ
RFFXULQVXFKODUJHWKLQZDOOYHVVHOVXQGHUFRPSUHVVLYHORDGV2EYLRXVO\EXFNOLQJDQDO\VLVIRUVKHOOKDVEHFRPHD
PDLQ HYHQPRVW LPSRUWDQW SDUW RI SUHVVXUH YHVVHO GHVLJQ ,Q SUDFWLFH WKH SRVVLELOLW\ RI WKH JOREDO DQGRU ORFDO
EXFNLQJIDLOXUHVKRXOGEHHYDOXDWHGE\UHODWHGIRUPXODVRU)($
$60(Đ>@SURYLGHGGHVLJQPHWKRGIRUEXFNOLQJEDVHGRQQXPHULFDODQDO\VLVHJ)($ZKLFKKDVFDXVHG
ZLGHSXEOLFFRQFHUQIRUHQJLQHHUVLQ&KLQD5HVHDUFKDQGLQWURGXFWLRQIRUWKHVHPHWKRGVKDVEHHQGRQHZLGHO\E\
GRPDLQH[SHUWV>@6KHOORISUHVVXUHYHVVHOVVKRZVFRPSOH[HODVWLFSODVWLFFKDUDFWHULVWLFDQGEXFNOLQJEHKDYLRUV
+RZHYHU$60(Đ>@ MXVWJDYH WKHDQDO\VLV W\SHVDQGFRUUHVSRQGLQJGHVLJQ IDFWRUV)HZGHWDLOJXLGDQFHDQG
VXJJHVWLRQVDERXWKRZWRXVH)($VRIWZDUHWRILQLVKDEXFNOLQJDQDO\VLV
7KLV SDSHU SUHVHQWHG D JHQHUDO SLFWXUH RI EXFNOLQJ GHVLJQ RI SUHVVXUH YHVVHOV IURP IROORZLQJ DVSHFWV  EDVLF
IXQGDPHQWDOVVRIWZDUHDSSOLFDWLRQVDGYDQWDJHVDQGGLVDGYDQWDJHVRIHDFKPHWKRG2QWKLVEDVLVWKHSDSHUIRFXVHG
RQLPSOHPHQWDWLRQDSSURDFKHVDQGDSSOLHGVNLOOVRIEXFNOLQJDQDO\VLVIRUSUHVVXUHYHVVHOV
,QWURGXFWLRQRIEXFNOLQJIRUVKHOO
%XFNOLQJFDQEHGHILQHGDVDPRGHRIIDLOXUHJHQHUDOO\UHVXOWLQJIURPVWUXFWXUDO LQVWDELOLW\GXHWRFRPSUHVVLYH
DFWLRQRQWKHVWUXFWXUDOPHPEHURUHOHPHQWLQYROYHG)URPVWRVDORWRIH[SHULPHQWVKDYHEHHQGRQHWR
EHWWHU XQGHUVWDQG EXFNOLQJ EHKDYLRXU RI VKHOOV 7KH H[SHULPHQWDO HYLGHQFH VXJJHVWV WKDW WKHUH LV D VLJQLILFDQW
GLIIHUHQFHVH[SHULPHQW UHVXOWRI VSHFLPHQVDQGHODVWLF WKHRUHWLFDO VROXWLRQRI VKHOOVZLWKRXW LPSHUIHFWLRQ&ULWLFDO
ORDG REWDLQHG IURP H[SHULPHQWV LV XVXDOO\ a RI WKH YDOXH IURP WKHRUHWLF FDOFXODWLRQ HYHQ RQ 
VRPHWLPHV6RPHVWXGLHV>@DOVRVKRZHGWKDWVXFKGLIIHUHQFHVZHUHFDXVHGE\IROORZLQJUHDVRQV
x %RXQGDU\FRQGLWLRQV
x 3UHEXFNOLQJGHIRUPDWLRQ
x *HRPHWU\LPSHUIHFWLRQ
x (FFHQWULFORDG
$PRQJWKHPLQLWLDOJHRPHWULFDOLPSHUIHFWLRQVZHUHPDLQIDFWRUVZKLFKVKRXOGQRWEHQHJOHFWHGLQVHFRQGRUGHU
HODVWLFDQDO\VLVRIEXFNOLQJ
%XFNOLQJGHVLJQPHWKRGVLQSUHVVXUHYHVVHOFRGHV
,Q WKH SDVW EHFDXVH RI WKH FRPSOH[LW\ RI EXFNOLQJ SKHQRPHQRQ SUHVVXUH YHVVHO &RGHV SURYLGHGPHWKRGV RI
VWDELOLW\GHVLJQRQO\IRUEDVLFJHRPHWULFDOVWUXFWXUHVHJF\OLQGULFDOVKHOOFRQLFDOVKHOOVSKHULFDOVKHOODQGVRRQ
DQGVLPSOHORDGFRQGLWLRQHJD[LDOXQLIRUPFRPSUHVVLRQXQLIRUPH[WHUQDOSUHVVXUHXQLIRUPWRUTXHDQGEHQGLQJ
PRPHQWDQG WKHLUFRPELQDWLRQ$OWKRXJKXQGHU WKHVHVLPSOHFRQGLWLRQVFULWLFDO ORDGFDQEHFDOFXODWHGEDVHGRQ
HODVWLFWKHRU\ZLWKRXWLQLWLDOLPSHUIHFWLRQWKHUHVXOWZDVRYHUYDOXHGFRPSDUHGWRDFWXDOYDOXHRIDFWXDOVWUXFWXUH,Q
WKH SDVW FRQGLWLRQ RI KDUGZDUH DQG VRIWZDUH ZHUH OLPLWHG DQG LW ZDV GLIILFXOW WR HYDOXDWH WKH HIIHFWV RI LQLWLDO
LPSHUIHFWLRQWKURXJKQRQOLQHDUDQDO\VLV)RUWKHVHUHDVRQVVDIHW\IDFWRUVEDVHGRQWKHORZHUOLPLWRIH[SHULPHQWDO
GDWDZDV DGRSWHG LQ SUHVVXUH YHVVHO&RGHV0RVW&RGHV XVHG VXFK VDIHW\ IDFWRUV WRJHWKHUZLWK QRQFRQVHUYDWLYH
&ULWLFDOEXFNOLQJORDGWRSHUIRUPVWDELOLW\FKHFNLQJ
%XFNOLQJGHVLJQEDVHGRQQXPHULFDODQDO\VLV
$QHZKLJKOLJKWRIWKH$60(Đ>@LVWRXVHQXPHULFDODQDO\VLVHJ)($WRSHUIRUPGHVLJQE\DQDO\VLV7KH
&RGH>@SURYLGHGWKUHHGHVLJQPHWKRGVIRUEXFNOLQJEDVHGRQQXPHULFDODQDO\VLVHJ)($DVIROORZ
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3.1. Method 1 
0HWKRGLVDELIXUFDWLRQEXFNOLQJDQDO\VLVWKDWLVSHUIRUPHGXVLQJDQHODVWLFVWUHVVDQDO\VLVZLWKRXWJHRPHWULF
QRQOLQHDULWLHV LQ WKH VROXWLRQ WR GHWHUPLQH WKH SUHVWUHVV LQ WKH FRPSRQHQW ,Q WKLV DQDO\VLV WKH SUHVWUHVV LQ WKH
FRPSRQHQWLVHVWDEOLVKHGEDVHGRQWKHORDGLQJFRPELQDWLRQVVSHFLILHGE\WKH&RGH>@
3.2. Method 2 
0HWKRG  LV D ELIXUFDWLRQ EXFNOLQJ DQDO\VLV WKDW LV SHUIRUPHG XVLQJ DQ HODVWLFSODVWLF VWUHVV DQDO\VLVZLWK WKH
HIIHFWVRIQRQOLQHDUJHRPHWU\LQWKHVROXWLRQWRGHWHUPLQHWKHSUHVWUHVVLQWKHFRPSRQHQW,QWKLVDQDO\VLVWKHSUH
VWUHVVLQWKHFRPSRQHQWLVHVWDEOLVKHGEDVHGRQWKHORDGLQJFRPELQDWLRQVVSHFLILHGE\WKH&RGH>@
3.3. Method 3 
0HWKRGLVDFROODSVHDQDO\VLVLQZKLFKLPSHUIHFWLRQVDUHH[SOLFLWO\FRQVLGHUHGLQWKHDQDO\VLVPRGHOJHRPHWU\
,WVKRXOGEHQRWHGWKDWDFROODSVHDQDO\VLVFDQEHSHUIRUPHGXVLQJHODVWLFRUSODVWLFPDWHULDOEHKDYLRU,IWKHVWUXFWXUH
UHPDLQVHODVWLFZKHQVXEMHFWWRWKHDSSOLHGORDGVWKHHODVWLFSODVWLFPDWHULDOPRGHOZLOOSURYLGHWKHUHTXLUHGHODVWLF
EHKDYLRUDQGWKHFROODSVHORDGZLOOEHFRPSXWHGEDVHGRQWKLVEHKDYLRU
(QJLQHHULQJDSSOLFDWLRQRIEXFNOLQJGHVLJQ
7KHFDVH VWXG\ IRFXVHGRQ WKHSURFHVVRI ORFDOEXFNOLQJDQDO\VLV DQGGLGQRW LQFOXGHVWUHQJWKFDOFXODWLRQDQG
FDOFXODWLRQRIJOREDOVWDELOLW\IRUF\OLQGHU$QGRQO\'HVLJQFRQGLWLRQZDVFRQVLGHUHG
4.1. Main Design Parameters 
7KHVWUXFWXUHFRQVLVWVRI WZRSDUWVPDLQHTXLSPHQWDQGDFFHVVRU\HTXLSPHQWFRQQHFWHGE\D WULDQJOHEUDFNHW
VKRZQLQ)LJ


)LJ0DLQHTXLSPHQWDQGDFFHVVRU\HTXLSPHQWFRQQHFWHGE\DWULDQJOHEUDFNHW
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0DLQGHVLJQSDUDPHWHUVZHUHOLVWHGLQ7DEOH
7DEOH0DLQ'HVLJQ3DUDPHWHUV
0DLQHTXLSPHQW 'HVLJQSDUDPHWHUV
2SHUDWLQJSUHVVXUH03D 
'HVLJQSUHVVXUH03D )9
2SHUDWLQJWHPSHUDWXUHć 
'HVLJQWHPSHUDWXUHć 
0DWHULDORIF\OLQGHU 6$/
0DWHULDORIVKLUWVXSSRUW 45
&\OLQGHULQQHUGLDPHWHUPP 
0DQXIDFWXUHPDVV.J 
2SHUDWLQJPDVV.J 
:DWHUILOOLQJTXDOLW\.J 
$FFHVVRU\HTXLSPHQW
'HVLJQSDUDPHWHUV
6KHOOVLGH 7XEHVLGH
2SHUDWLQJSUHVVXUH03D  
'HVLJQSUHVVXUH03D )9 )9
2SHUDWLQJWHPSHUDWXUHć  
'HVLJQWHPSHUDWXUHć  
0DWHULDORIF\OLQGHU 6$*U1 6$/
0DWHULDORIHDUVXSSRUWV 45
&\OLQGHULQQHUGLDPHWHUPP 
0DQXIDFWXUHPDVV.J 
2SHUDWLQJPDVV.J 
:DWHUILOOLQJTXDOLW\.J 
4.2. Key points of buckling analysis 
4.2.1. Load distribution between connecting nozzle and triangle bracket 
,QWKLVFDVHPDLQHTXLSPHQWDQGDFFHVVRU\HTXLSPHQWDUHFRQQHFWHGE\FRQQHFWLQJQR]]OHDQGWULDQJOHEUDFNHW
,QWKHRWKHUZRUGWKHZHLJKWDQGRWKHUORDGVVXFKDVZLQGORDGVDQGVHLVPLFORDGVZHUHGLVWULEXWHGRQFRQQHFWLQJ
QR]]OH DQG WZR HDU VXSSRUWV 6R EHIRUH EXFNOLQJ DQDO\VLV 5DWLR RI /RDG EHDULQJ FDSDELOLW\ EHWZHHQ FRQQHFWLQJ
QR]]OHDQGWULDQJOHEUDFNHWVKRXOGEHGHWHUPLQHGILUVWO\ZKLFKZLOOEHXVHGLQVWUHQJWKDQDO\VLV
7KHJHRPHWU\PRGHODQGPHVKLQJZHUHHVWDEOLVKHGDVVKRZQLQ)LJa)LJ7KH6ROLGHOHPHQWZDVXVHGLQ
WKH )(PRGHO 7KH GLVSODFHPHQW DQG IRUFH ERXQGDU\ FRQGLWLRQV LQFOXGLQJ RWKHU ORDGVZHUH VKRZQ LQ )LJ 7KH
DQDO\VLVUHVXOWVKRZHGWKDWWZRHDUVXSSRUWVEHDUZHLJKWRIDFFHVVRU\HTXLSPHQWVKRZQLQ)LJ7KLVDQDO\VLV
LVEDVHGRQHODVWLFDQDO\VLV7KH UHDVRQ LV WKDWPRVWDUHDRI VWUXFWXUH UHPDLQHG LQDQHODVWLF VWDWHGXULQJ WKH ORDG
SURFHVV3ODVWLFGHIRUPDWLRQRIORFDOUHJLRQZRQ
WDIIHFWJOREDOHODVWLFDQDO\VLVUHVXOW

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
)LJ*HRPHWU\PRGHO

)LJ*OREDOPHVKLQJ
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
)LJ'HWDLOYLHZRIORFDOPHVKLQJ

)LJ'LVSODFHPHQWDQGIRUFHERXQGDU\FRQGLWLRQV

)LJ5HDFWLRQIRUFHRIHDUVXSSRUWRIDFFHVVRU\HTXLSPHQW
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4.2.2. Local area subjected to compress stress 
7KURXJKPHFKDQLFVDQDO\VLVDQGILQLWHHOHPHQWFDOFXODWLRQHQJLQHHUFDQVHH ORFDODUHDVVXEMHFWHG WRFRPSUHVV
VWUHVV&RPSUHVVVWUHVVRFFXUUHGDWWKHERWWRPRIFRQQHFWHGUHJLRQEHWZHHQWZRF\OLQGHUVDQGQR]]OHWRZEUDFLQJV
RIWULDQJOHEUDFNHWDQGORFDOFRQQHFWLQJUHJLRQEHWZHHQWRZEUDFLQJVDQGVKLUWVXSSRUW%XFNOLQJHYDOXDWLRQVKRXOG
EHSHUIRUPHGLQWKHVHDUHDVVKRZQLQ)LJ


)LJ0D[LPXPSULQFLSDOVWUHVVQHSKRJUDP
4.2.3. Evaluation of local buckling 
$OWKRXJKWKHVWUHQJWKHYDOXDWLRQVZHUHIXOO\VDWLVILHGEXFNOLQJDQDO\VLVZDVDQHVVHQWLDOSDUWRIGHVLJQ,QWKLV
FDVHVWXG\HODVWLFEXFNOLQJDQDO\VLVZDVXVHGDQGWKHORDGPXOWLSOLHULVIRUWKHILUVWPRGHVKRZQLQ)LJ


)LJ%XFNOLQJDQDO\VLVIRUWULDQJOHEUDFNHW

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
)LJ5HVXOWRIOLQHDUEXFNOLQJDQDO\VLVRIVKLUW
6KLUWVXSSRUWVXEMHFWHGDVHULHVRIORDGVLQFOXGLQJVHLVPLFORDGZLQGORDGHFFHQWULFORDGDQGORFDOORDGVGXHWR
WULDQJOHEUDFNHWDOORIZKLFKZLOOFDXVHFRPSUHVVVWUHVVDQGSRVVLEOHEXFNOLQJIDLOXUH5HVXOWRIEXFNOLQJDQDO\VLV
IRUVKLUWZDVVKRZQLQ)LJ
$FFRUGLQJ WR FRUUHVSRQGLQJ GHVLJQ IDFWRU SURYLGHG LQ $60(Đ>@ (YDOXDWLRQ RI EXFNOLQJ DQDO\VLV ZDV
TXDOLILHG
&RQFOXVLRQV
%XFNOLQJGHVLJQPHWKRGVEDVHGRQQXPHULFDODQDO\VLVZHUHIDUPRUHDGYDQFHGWKDQFODVVLFIRUPXODWLRQGHULYHG
IURP HODVWLF WKHRU\ %XW UHVXOWV REWDLQHG IURP QXPHULFDO DQDO\VLV DUH VWLOO WRR FRQVHUYDWLYH FRPSDUHG ZLWK
H[SHULPHQWDO UHVXOWV %HFDXVH  GLIIHUHQW LQIOXHQFH IDFWRUV DQG WKHLU FRPELQDWLRQ ZLOO OHDG WR GLIIHUHQW EXFNOLQJ
PRGHV DQG PHFKDQLVP RI WKHVH LQIOXHQFH IDFWRUV DUH QRW WRWDOO\ XQGHUVWRRG QRZ WKH &RGH>@ KDV WR DGRSW
FRQVHUYDWLYHGHVLJQIDFWRUVWRFRQVLGHUWKHXQFHUWDLQW\
)RUQRZDOWKRXJKSUHVVXUHYHVVHO&RGHVWKHUHVWLOO LVFRQVLGHUDEOHURRPIRULPSURYHPHQWLQDFKLHYLQJDWUXO\
VDIHDQGHFRQRPLFDOGHVLJQIDFWRUV6RPHGLUHFWLRQRIIXUWKHUVWXG\ZHUHVXJJHVWHGDVIROORZ
$SSO\LQJJHRPHWULFGHIHFWVLQFOXGLQJVKDSHDQGPDJQLWXGH
,QFRPSDWLELOLW\GXHWRPDQXIDFWXUHVXFKDVDOLJQPHQWWROHUDQFHRIZHOGLQJJURRYH
'LYHUVLILFDWLRQRIIRUPVIRUUHLQIRUFLQJVWUXFWXUHV
&RQVLGHULQJLQIOXHQFHVRIWKHFRPELQDWLRQRISUHVVXUHORDGWKHUPDOORDGDQGRWKHUPHFKDQLFDOORDGV
:HOGLQJUHVLGXDOVWUHVVDQG0HWDOORJUDSKLFFKDQJH
%XFNOLQJEHKDYLRURIQHZQRQPHWDOPDWHULDOVPXOWLOD\HUFRPSRVLWHPDWHULDOVDQGDQLVRWURSLFPDWHULDOV
,QP\RZQRSWLPLVWLFIRUHFDVWWKHQH[WJHQHUDWLRQRIEXFNOLQJDQDO\VLVPHWKRGZLOOEHERUQLQa\HDUV7KH
SURPLQHQWFKDUDFWHULVWLFRIQHZPHWKRGVLQIXWXUHLVWKDWPRUHUDWLRQDOGHVLJQIDFWRUVDUHGHYHORSHGDQGPRUHGHWDLO
GHVLJQJXLGHHVSHFLDOO\IRUQRQOLQHDUQXPHULFDOFDOFXODWLRQ
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